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Introduction
Modern therapy has effectively decreased cancer-related mortality in breast cancer in many fields of haematology and oncology. For example, dose-dense regimens were found to be more effective than conventionally dosed therapy; those regimens, as are most of the taxane-based combinations, are associated with increased risk for prolonged neutropenia and neutropenic fever, thereby making prophylactic use of granulocyte colony-stimulating factors (G-CSF) necessary. In general, in adjuvant therapy of breast cancer, maintenance of dose density (absolute dose and dose interval) is paramount for the efficacy of chemotherapy. Therefore, G-CSF support has a direct influence on treatment outcome.
Anaemia remains a major concern in cancer patients, and the use of erythropoietin-stimulating agents increased over the years. Preclinical data even suggested better activity of anti-tumour treatment in tissue with high oxygen levels. This assumption resulted in the design of clinical trials aiming at high haemoglobin concentrations. In those studies, however, a negative effect on survival was observed. Later trials reported similar results. Therefore, in 2007, the American Food and Drug Administration (FDA) issued a warning to use erythropoietins only in cancer patients receiving chemotherapy in order to reduce the number of necessary whole blood transfusions.
Treatment of side effects from conventional chemotherapy may still be challenging in some patients. While a new class of substances has become available for the prophylaxis of chemotherapy-induced nausea and vomiting (NK-1 receptor antagonists), no new drugs are currently available for the therapy of diarrhoea. In the treatment of chemotherapy-induced mucositis, specific growth factors have been proven effective in clinical trials.
For this review, data were obtained from current guidelines as issued by the American Society of Clinical Oncology (ASCO), the European Society of Medical Oncology (ESMO), and the European Organisation for Research and Treatment of Cancers (EORTC), by searching Medline database and abstracts from the ASCO annual meeting, ECCO, ESMO, and the San Antonio Breast Cancer Symposium, using combinatorial search terms that included 'adjuvant therapy', 'anaemia', 'breast cancer', 'chemotherapy', 'erythropoietin', 'G-CSF', 'filgrastim', 'pegfilgrastim', 'neutropenia', 'neutropenic fever', 'nausea', 'emesis', 'diarrhoea', 'mucositis', 'supportive care', 'dose dense therapy' and 'growth factor support'.
Erythropoietins in Breast Cancer

Background
In cancer patients, anaemia is a widespread and often debilitating problem with a major impact on quality of life. Incidence varies depending on tumour type, stage, and anti-cancer treatment [1, 2] . Severe anaemia, however, is a rare event in the relatively young and healthy population receiving adjuvant therapy for breast cancer. Multiple factors contribute to the development of tumour-associated anaemia: haemolysis, gastrointestinal bleeding, deficiency in vitamin B12 or folinic acid, and myelosupression by chemotherapy or irradiation; erythrocyte production may also be directly impaired by bone marrow infiltration. Cisplatin may add to anaemia by reduction of erythropoietin levels due to renal damage [3] [4] [5] [6] . Furthermore, malignant disease leads to the release of cytokines, especially interferon-γ, interleukin-1, and tumour necrosis factor (TNF)-α. Those cytokines inhibit renal erythropoietin production and interact with normal ferrokinetics [7] .
Symptoms and Consequences of Anaemia
Clinical symptoms of anaemia are highly variable and dependent on absolute haemoglobin levels, haemoglobin kinetics, and comorbidities [7] . Moderate anaemia may cause exerciserelated shortness of breath, palpitation, and headache, while severe cases will ultimately result in organ damage. The main symptom of anaemia in cancer patients, however, is fatigue, a term summarizing the impact of anaemia on quality of life and the ability to perform activities of daily life [8, 9] . Consequently, fatigue correlates with higher levels of anxiety and depression [10] . Furthermore, in malignant lymphoma as well as in a number of solid cancers, anaemia is known to correlate with impaired survival [11] . It is, however, important to note that fatigue may develop independently from anaemia as a direct consequence of adjuvant treatment.
Based on the assumption that higher oxygen levels in tumour tissue will confer better response to irradiation and chemotherapy, a number of erythropoietin trials were initiated that ultimately showed a worse outcome in the intervention group [12] . A recent meta-analysis strengthened those data: Results of nearly 14,000 patients included in 53 trials were analysed. Independently of anti-cancer treatment, the use of erythropoietins resulted in increased mortality during the study period (hazard ratio (HR) 1.17; 95% confidence interval (CI) 1.06-1.30) and impaired overall survival [13] .
Erythropoietins -Substances
Low levels of endogenous erythropoietin and consequently a role for erythropoiesis-stimulating agents (ESAs) in cancer patients were first suggested in 1990 by Miller et al. [14] . While no comparative analysis between the different commercially available agents has been published to date, it is suggested that the different pharmacodynamic properties do not result in different biologic activity [15] . Therefore, for this review, no differences was made between the substances, and the term erythropoietins or ESAs is used for all substances.
Erythropoietins have proven activity in reducing levels of fatigue and number of whole blood transfusions. Whole blood transfusions are believed to have an immunosuppressive effect, therefore resulting in detrimental effects on cancer treatment [16, 17] . Those immune effects associated with transfusion have been referred to as the TRIM effect (transfusion-related immune modulation); it summarizes increased cancer recurrence, increased mortality, and increased postoperative bacterial infections [18] . Those observations brought a gradual increase in the use of ESAs, and randomized trials evaluating the beneficial role of erythropoietins in different tumour entities were started. Surprisingly, however, 2 trials conducted by Leyland-Jones et al. [19] and Henke et al. [20] showed a negative effect on oncologic endpoints. These results soon were strengthened by further data and ultimately led to an FDA warning on the use of erythropoietins in cancer patients [12] .
Increased Risk of Adverse Events
The BEST (Breast Cancer Erythropoietin Survival Trial) trial conducted by Leyland-Jones et al. [19] included 939 patients with metastatic breast cancer receiving first-line chemotherapy. Subjects were randomized to receive epoetin alfa 40,000 IU or placebo once a week for a total of 12 months. The study was terminated early due to a significantly higher mortality rate. Other trials also reported an increased risk for adverse events. A study by Wright et al. [21] evaluating epoetin alfa in stage IV non-small cell lung cancer was stopped after recruiting 70 of 300 preplanned patients because a significantly higher risk for death was observed in the intervention group (HR 1.84; p = 0.04). Goldberg et al. [22] used darbepoetin alfa in patients with advanced head and neck cancer. In the 522 patients randomized, the authors reported a 10% increase in the risk for locoregional failure (p = 0.01) as well as a trend towards shorter overall survival. Another trial conducted in patients with lymphoproliferative disorders also brought negative results [23] . In this study, the target haemoglobin level was defined as < 15 mg/dl in women and < 14 mg/dl in men. Importantly, a further study aimed to define the role of ESAs in non-myeloid cancer patients without chemotherapy or irradiation. Similar to the other trials, this Anemia of Cancer Study, which accrued nearly a thousand patients, found a shorter overall survival in the darbepoetin alfa group [23] . Studies are summarized in table 1.
To a certain degree, those results may be explained by an increased risk of thromboembolic events. Still, another concern with ESAs in oncology is a potential direct effect on tumour growth, as tumour cells as wells as endothelial cells may express erythropoietin receptors. Also, erythropoietin-receptors have diverse biological functions in non-haematopoietic tissue. Amongst others, they have a role in wound healing and, importantly, angiogenesis [24, 25] . To date, however, it has not been resolved whether the receptors identified on tumour cells are in fact erythropoietin receptors, as the assays used are known to lack specificity. Furthermore, it is has not been clarified if those receptors are functional and result in active erythropoietin receptor signalling [26] . That of course remains an important area of future research.
Current Recommendations
Based on the data presented above, the FDA clearly discourages an uncritical use of ESAs in oncology. As those substances are licensed for patients receiving chemotherapy in order to reduce the need for whole blood transfusions, the following recommendation was given in 2007: ESAs may increase the risk of death and serious cardiovascular events when administered to target haemoglobin levels > 12 g/dl. Therefore, physicians should 'use the lowest dose that will gradually increase the haemoglobin concentration to the lowest level sufficient to avoid the need for blood transfusions' [12] .
Granulocyte Colony-Stimulating Factors
Background Dose-dense and dose-escalated chemotherapies are associated with increased risk of prolonged neutropenia and neutropenic [28] [29] [30] . In any of those circumstances, current guidelines recommend the use of primary prophylaxis even in regimens with less than 20% risk of FN, especially if treatment is administered with curative intent [27] . Table 2 provides an overview of breast cancer regimens commonly used in the neoadjuvant and adjuvant setting and their specific risk of FN.
Studies of G-CSF in Breast Cancer
As outlined above, dose-dense regimens require G-CSF support. In breast cancer, maintenance of absolute dose and dose intervals is important for treatment efficacy. This was already observed with classical adjuvant CMF (cyclophosphamide, methotrexate, 5-fluorouracil (5-FU)), where a dose intensity of < 85% of the original Bonnadonna regimen resulted in increased risk for relapse and death [31] . In a highly influential study published in 2003, Citron et al. [32] compared dose-dense to conventionally scheduled adjuvant treatment. In this trial, a significant benefit was found for the dose-dense group. Based upon those results and confirmatory data [33, 34] , dose-dense regimens are today deemed standard in North America. Likely independent of G-CSF support, a just recently observed potential drawback of dosedense treatment is a decline in pulmonary function, as defined by a significant reduction of carbon monoxide diffusion capacity [35] . This observation may be important for women with pre-existing lung disease, and should be further investigated.
Anthracycline plus taxane combinations yield the highest response rates achievable with conventional chemotherapy in the treatment of breast cancer [36] . This combination regimen has a rate of FN well above 20% and therefore makes the use of prophylactic G-CSF support necessary.
In a neoadjuvant trial of docetaxel plus epirubicin given every 3 weeks with G-CSF-support conducted by the Austrian Breast and Colorectal Study Group (ABCSG-14), only 7.6% of patients developed neutropenic fever [37] . Wenzel et al. [38] reported no case of grade IV toxicity or FN with the combination of epirubicin, docetaxel, and capecitabine plus pegfilgrastim as neoadjuvant treatment. Results from an exploratory analysis of the GeparTRIO study suggested a higher efficacy of pegfilgrastim as compared to filgrastim as prophylaxis of FN. Patients received 6-8 cycles of TAC (docetaxel, doxorubicin, cyclophosphamide), a regimen associated with a FN risk > 20%, with either ciprofloxacine, filgrastim, pegfilgrastim, or different combinations. The pegfilgrastim group had a significantly lower incidence of FN (7%, or 5% when pegfilgrastim was combined with ciprofloxacine, as compared to 18% with filgrastim and 22% with ciprofloxacin alone; p < 0.001) [39] . Therefore, pegfilgrastim seems to be the optimal FN prophylaxis in adjuvant treatment. Of course, aspects of costs need to be taken into consideration. As non-pegylated G-CSF biosimilars are becoming available, the relative cost effectiveness of pegfilgrastim may be reduced.
Potential Drawbacks
Although clear evidence is lacking, concerns were raised on a potential tumour-stimulatory effect of G-CSF support. Indeed, in acute myeloid leukaemia (AML), G-CSF may increase tumour cell count. These observations even led to the concept of G-CSF priming before chemotherapy. Different studies, however, were not able to prove that this approach was beneficial over more conventional therapy [27] .
In breast cancer, Smith et al. [40] reviewed data from all adjuvant NSABP breast cancer trials that tested regimens containing both doxorubicin and cyclophosphamide to characterize the incidence of subsequent AML and myelodysplastic syndrome (MDS). This group analyzed 6 adjuvant trials in which different doses of doxorubicin/cyclophosphamide (AC) were used. The more intense regimens had mandatory growth factor support. While the overall incidence of secondary haematological malignancies in > 8,000 patients (representing 61,810 patient years of follow-up) included was relatively low (0.5%), it was markedly increased in patients on more in- tense AC requiring G-CSF support (1.1%). While a direct effect of G-CSF upon this increase cannot be ruled out, it must be kept in mind that this observation does not stem from a randomized trial and therefore must be deemed exploratory. Yet another study, analyzing data from the SEER database brought similar results: In a total of 5,500 women, the HR for AML or MDS among those treated with G-CSF or granulocyte-macrophage colony-stimulating factor (GM-CSF) compared with those who were not was 2.14 (95% CI 1.12-4.08) [41] . Authors therefore concluded that the use of G-CSF was associated with a doubling in the risk of subsequent AML or MDS among the population studied, although the absolute risk remained low. While currently there are no results from randomized prospective trials available, G-CSF use should not be assumed to be risk-free. Apart from a putatively increased risk of secondary MDS, the best known side effect of G-CSFsupport in solid tumour patients is pain which is usually easily manageable with paracetamol.
Neutropenic Infections
Neutropenia is one of the most important risk factors for infection. Additional factors contributing markedly to increased risk of infection include damage of skin or mucous membranes [42] . The common sites of infection in cancer patients include the skin and mucous membranes, the digestive system, the respiratory system, the urinary system, the central nervous system, and the skin and tissue around a vascular access device [43] . While in many patients with neutropenic fever exact localisation of the infection may not be possible, immediate empiric antibiotic therapy must be started in order to prevent life-threatening complications [42] . The recently updated National Comprehensive Cancer Network (NCCN) guidelines provide a comprehensive overview of the optimal management of neutropenic infections in cancer patients [44] .
Side Effects of Conventional Chemotherapy
Background Optimal management of side effects of conventional chemotherapy remains a challenge. As a large number of reviews and guidelines have already been published in the fields of nausea, diarrhoea, and mucositis [45] [46] [47] , this review concentrates on recent developments.
Nausea and Vomiting
The 3 most widely applied classes of antiemetic substances in cancer therapy are 5-HT3 serotonin receptor antagonists, corticosteroids (betamethasone, dexamethasone), and the single currently commercially available NK-1 receptor antagonist, aprepitant [45] . For an overview of the emetogenic potential of cytotoxic agents commonly used in breast cancer patients and its prophylaxis see table 3 and figure 1 . The NK-1 antagonist aprepitant binds to and blocks the NK-1 receptor, thereby inhibiting the binding of its natural ligand, substance P [48] . This cytokine, when administered to animals, causes emesis. Of note is the activity also in cisplatinassociated delayed nausea [45] . Following phase II trials [49, 50] , 3 randomized phase III trials were initiated. Here, the role of aprepitant was tested in patients on chemotherapeutic regimens of high (cisplatin) and moderate emetogenic potential (anthracyclines, cyclophosphamide).
In 2 cisplatin trials, a total of 1,043 patients were randomized to receive the standard combination of ondansetron plus dexamethasone with or without aprepitant. The pooled analysis of those studies reported an improvement by 20% in the prevention of vomiting for the 5-day period after cisplatin administration (p < 0.001) [51] . Noteworthy, efficacy was apparently highest in the prevention of delayed emesis, defined as symptoms starting > 24 h after the administration of chemotherapy (21% improvement as compared to 13% improvement in acute emesis). This reflects the fact that 5-HT3 antagonists have insufficient activity in the prevention of delayed emesis. In a third randomized study, aprepitant was administered in 857 women receiving anthracycline plus cyclophosphamide chemotherapy for early breast cancer. Again, standard prophylaxis consisted of ondansetron and dexamethasone. With the 3-drug regimen, complete response (defined according to the ASCO 2006 guidelines as no event of emesis and no administration of rescue medication in the 5-day period following chemotherapy administration [45] ) was increased by 9% (p = 0.015). Importantly, no increased rate of side effects was reported in the aprepitant group [52] . Those studies established aprepitant as valuable option in patients on chemotherapy of both, highly and moderately emetogenic potential (table 4) . In general, a more intensive prophylaxis may be advisable in patients with travel sickness or emesis during pregnancy, as this may be associated with increased risk of chemotherapy-induced emesis.
Questions, however, were raised on the fact that aprepitant is a moderate inhibitor of CYP3A4. This might in theory affect the metabolism of other substrates of CYP3A4, such as corticosteroids, cyclophosphamide, and docetaxel. In the aforementioned study of aprepitant in breast cancer, no increased rate of FN was reported, thus suggesting a comparable exposure to cyclophosphamide in both study groups [45, 52] . In another study, aprepitant was not found to influence docetaxel pharmacokinetics or toxicity [53] . Therefore, based on current recommendations, no reduction of chemotherapy dose is necessary when aprepitant is administered as antiemetic at the established schedule. However, dose reduction of corticosteroids may be considered in cases were they are solely administered in order to prevent chemotherapy-induced nausea and vomiting when combined with aprepitant [45] .
Little new data is available on other classes of antiemetics. Butyrophenones, phenothiazines and cannabinoids may be considered as adjunct to 5-HT3 antagonists, corticosteroids, and aprepitant when no sufficient effect can be reached. However, they should not be utilized as first-line substances [45] . A general recommendation for the use of antiemetics is provided in figure 1.
Mucositis
Mucositis is an underestimated side effect of anti-cancer treatment. Traditionally, awareness of mucositis was higher in haematology, as the incidence was higher with high-dose regimens as often administered in haematological malignancies. Still, mucositis is a major problem also in the management of solid tumours, as treatment delays and dose reductions may result which in turn may compromise survival [54] .
Chemotherapy (and irradiation) causes DNA damage and release of free radicals in the mucosal tissue. Consecutively, with upregulation of genes associated with inflammatory reactions, expression of various pro-inflammatory cytokines is increased (e.g. interleukin-6, tumour necrosis factor-α). This confers apoptosis of mucosal cells, which in turn will lead to development of ulcerations and local infection [55] . The risk of severe (grade 3 or 4) mucositis in breast cancer patients is relatively low. In a recently published review on the incidence and treatment of mucositis in solid tumour patients, the observed incidence ranged from 2.29% with sequential chemotherapies to 8.33% in anthracycline plus taxane combinations [46, 47] . While those incidence rates may be lower when compared to lymphoma treatment, it appears higher than in colorectal or lung cancers [56] . Apart from the type of chemotherapy, genetic susceptibility also plays a role [57] .
The most important factors, both for treatment and prevention, are basic oral care, simple mouth washes, and systemic analgesics [54] . This was already recommended in the original clinical practice guidelines as published in 2004 [58] . However, little data is available on standard-dose chemotherapy as used in breast cancer. Furthermore, there is no widely agreed upon regimen, and not all protocols did include antimycotics [58, 59] . An even wider range of topical preparations has been studied in the treatment of chemotherapy-induced mucositis. In standard-dose chemotherapy, chlorhexidine-containing mouthwash was unable to exert any beneficial effect on the severity or duration of symptoms [60] . This substance therefore is not recommended for the treatment of mucositis in current guidelines [58] . The use of lidocain, although widely applied, has also not proved beneficial; concerns regarding systemic absorption through damaged mucosal tissue have led to discouragement of local anaesthetics in the treatment of mucositis [58] .
While no data is available on the potential role in standarddose chemotherapy, keratinocyte growth factor-1 (KGF1, palifermin) has proven effective in the prevention of mucositis in patients receiving high-dose chemotherapy [61] . This renders palifermin attractive for trials on mucositis therapy. The use of GM-CSF-containing mouthwashes did, however, not prove effective in the treatment of chemotherapy-induced mucositis [62] . Hence, recent years have brought no major advance in the prevention or treatment of mucositis in breast cancer patients.
Diarrhoea
Diarrhoea is a serious and potentially life-threatening side effect associated with many chemotherapeutic agents. Although a high incidence of chemotherapy-induced diarrhoea is reported, the condition is often recognized late and poorly managed [63] . Fluid and electrolyte loss may result in dehydration and ultimately renal insufficiency, also the rate of infectious complications is increased [46] . Furthermore, as with other serious side effects, chemotherapy-induced diarrhoea may lead to dose reductions and treatment delays, thereby impairing activity of anti-cancer treatment [64] . The combination of irinotecan and 5-FU may pose a special threat for developing diarrhoea, and is associated with an increased risk of treatment-related mortality [65, 66] . In breast cancer, diarrhoea is commonly observed with capecitabine, but may also occur in regimens including docetaxel or vinorelbine [67, 68] . Treatment recommendations are provided in the current ASCO guidelines. In short, depending on the severity of the symptoms, treatment may include loperamide, fluoroquinolones, intravenous fluids, and in serious cases octreotide [46] . Relatively new data is available on octreotide, a long-acting somatostatin analogue: It is considered an option if other treatments fail to provide symptom control [46] . Optimal dose and schedule have not yet been defined, however, a dose escalation study showed that doses of up to 2,500 µg three times a day (tid) are safe, and resolution of symptoms increased with the octreotide dose [69] . The only prospective comparison of different octreotide dose levels compared 100-500 µg tid in patients with grade III diarrhoea, who had failed on loperamide. In this study, 500 µg octreotide tid was significantly more effective, with 90% of patients achieving complete resolution of symptoms as compared to 61% in the low-dose group (p < 0.05) [70] . ASCO guidelines therefore suggest an upward titration of octreotide dose until symptoms are controlled [46] .
Further Side Effects
Osteoporosis and its prevention with bisphosphonates were heavily researched upon in postmenopausal women on adjuvant aromatase inhibitors. In premenopausal women with early breast cancer undergoing adjuvant chemotherapy, risedronate did not prevent bone loss as compared to placebo [71] . Interestingly, a trial utilizing zoledronic acid brought different results: Premenopausal women receiving chemotherapy sustained significant bone loss, whereas bone mineral density remained stable in women who received zoledronic acid. Authors of this study concluded that the administration of zoledronic acid during the first year of chemotherapy is an effective and well tolerated strategy for preventing bone loss [72] . In the light of these contradictory results, and bearing in mind clinical data suggesting a direct anti-tumour effect of zoledronic acid in premenopausal patients receiving endocrine therapy [73] , the exact role of bisphosphonates in the adjuvant setting awaits further clarification.
Polyneuropathy is another side effect with a potentially major impact on quality of life. Commonly, this side effect is associated with the use of microtubule-stabilizing agents (MTSA). Severe neuropathy (grade 3 and 4) may be observed in up to 30% of patients treated with taxanes or epothilones [74] . The incidence of MTSA-induced neuropathy seems to depend on the MTSA dose per treatment cycle, the schedule of treatment, and the duration of the infusion. The exact mechanism by which neuropathy develops remains poorly understood [75] . Available data suggest that vitamin E may attenuate the development of chemotherapy-induced neuropathy, but more data regarding its efficacy and safety should be obtained prior to its general use in patients. Other agents that look promising in preliminary studies but need further evaluation include glutamine, glutathione, N-acetylcysteine, oxcarbazepine, and xaliproden. Effective treatment of established polyneuropathy, however, has yet to be found [76] .
Management of Trastuzumab-Related Toxicity
Background Trastuzumab (rhMab4D5), a monoclonal humanized antibody targeting Her-2, is currently the only molecular targeted therapy registered for use in early breast cancer. Different mechanisms of action have been suggested: Inhibition of downstream signalling pathways, inhibition of extracellular Her-2 proteolysis, internalization and degradation of the Her-2 receptor protein, cell cycle arrest, inhibition of DNA repair, as well as antibody-dependent cellular cytotoxicity [77, 78] . In addition, trastuzumab may sensitize tumour cells to the cytotoxic effects of conventional chemotherapy [79] .
Cardiac Toxicity
In healthy tissue, Her-2 signalling has a role in the regulation of normal cell processes, like differentiation, survival, and repair mechanism [80] . Cardiac myocytes, for instance, are dependent on Her-2 activation in their response to cellular stress [81] . In the adjuvant setting, approximately 5% of patients are expected to develop some form of cardiac function impairment, and 1% may develop symptomatic congestive heart failure (CHF) [82] [83] [84] . In most cases, the systolic dysfunction appears to be reversible [85] , still, close monitoring of patients on trastuzumab treatment is mandatory. An increased risk for developing a drop in left ventricular ejection fraction (LVEF) was observed in patients of old age and with known hypertension; other risk factors include pre-existing diabetes, coronary artery disease, and valvular dysfunction [84, 85] . It is important to remember that trastuzumab as single agent confers a very low risk of severe cardiac toxicity, while the risk is highest with the combination of trastuzumab and anthracyclines. These agents are well known to be associated with cumulative cardiotoxicity. Putative mechanisms of action are apoptosis of cardiac myocytes through free radicals and activation of a pro-apoptotic MAP kinase pathway, pathologic changes of myofilaments, as well as reduced muscular protein syntheses [86] [87] [88] [89] [90] .
Cardiac Surveillance
Keefe proposed a surveillance algorithm for controlling cardiac function of breast cancer patients on trastuzumab [91] . Cardiac function should be controlled with echocardiography or MUGA scan every 6 months. If a drop > 10% from initial measurement or to LVEF levels < 50% is observed, close surveillance with repeated LVEF measurements every 4 weeks is suggested. In asymptomatic patients, antibody treatment should be stopped when a drop of > 20% points to < 40% is observed, or when LVEF falls below 30%. LVEF measurements should then be repeated every 4 weeks, and antibody therapy may be resumed when LVEF reaches normal levels. In the case of symptomatic CHF, antibody treatment should be stopped and adequate treatment started (table 5). As outlined above, most cases of trastuzumab-associated CHF appear to be reversible [85] . Supportive therapy consists of standard medical treatment with ACE inhibitors, beta blockers, and diuretics if indicated according to current guidelines [92] .
Further Side Effects
Other possible side effects of trastuzumab therapy consist mainly of anaphylactic reactions; however, the HERA trial reported a minimally increased risk of infections (22 patients (1.3%) vs. 7 patients (0.4%) in the control group) [83] , and the combined analysis of the NSABP B-31 and NCCTG N9831 trials reported rare cases of interstitial pneumonitis that in some cases appeared to be related to trastuzumab. In BCIRG 006, there were no significant differences in grade 3 or 4 haematological or non-haematological adverse events among the 3 treatment arms [93] . Also, in the FinHER trial, no differences in the number of adverse events were observed [94] . Interestingly, a recently published paper evaluated gastrointestinal side effects of trastuzumab (i.e. nausea, vomiting, diarrhoea, abdominal pain). Those were observed in as much as 12% of trastuzumab administrations. As, however, only 46 patients were available for this retrospective chart review, further prospective evaluation of those symptoms appears necessary [95] .
Conclusion
In conclusion, modern supportive treatment has helped improving quality of life of cancer patients receiving chemotherapy. White blood cell growth factors have enabled an increase in chemotherapy dose density, thereby potentially enhancing treatment efficacy. Erythropoietins, while effective in the treatment of chemotherapy-induced anaemia, were found to have a negative impact on survival due to an increased rate of thromboembolic events. Currently, a direct tumour-stimulating effect cannot be ruled out, therefore those substances should be used with due caution.
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